the waste i s in 208-L (55-gal) s t e e l drums. Other containers such as wood and s t e e l boxes, and various sized drums will also be processed in the f a c i l i t y . The l a r g e s t volume of waste and the type addressed in t h i s report i s TRU in 208-L (55-gal) drums t h a t i s scheduled t o be processed in t h e Waste Receiving and Processing F a c i l i t y Module 1 (WRAP 1). related c h a r a c t e r i s t i c s of the expected WRAP 1 TRU waste stream. This report analyzes the f i r e
CHARACTERISTICS OF STORED SOLID WASTE
In 1970, the Atomic Energy Commission required TRU waste t o be segregated from other waste categories. retrievable near-surface burial trenches equipped with an asphalt pad ( f l o o r ) . The drums were stacked in an array, wrapped with p l a s t i c , and covered with s o i l f o r corrosion protection. When o r i g i n a l l y buried, most o f the l i d s on the drums were t i g h t l y sealed with no v e n t .
A t the Hanford S i t e TRU waste was placed in
The Plutonium Finishing P l a n t (PFP) was the l a r g e s t Hanford S i t e generator of TRU solid waste accounting f o r approximately 55% of the present stored retrievable waste. The p l a n t generated 33,546 containers of sol id waste from 1970 through 1991 and about 66% o f t h i s was designated as TRU waste. Approximately 84% of t h e waste containers were 208-L (55 g a l ) steel drums (Duncan e t a l . 1993) . I t i s expected t h a t 10% o f t h e drummed waste i s actually noncombustible (cement o r concrete, s o i l , spent t o o l s or equipment, e t c . ) . The general make-up of the other 90% of the waste i s hard t o determine.
A survey was carried o u t i n the 308 Bui,lding, a former f u e l s fabrication f a c i l i t y , and a primary generator of TRU waste in the 300 Area. The average composition of the 38 drums surveyed i n the 308 Building i s given in Table 1 (Cooley 1974) . The 308 Building survey found t h a t the average weight o f the waste drum packages was 58 kg (127 lb) and the average weight of the PFP drum packages was s l i g h t l y higher a t a b o u t 68 kg (150 l b ) .
Most waste surveys and composition estimations are made on the basis of The conversion of weight percent volume percent r a t h e r t h a n weight percent. t o volume percent can be done i f material d e n s i t i e s a r e available. l i s t s the d e n s i t i e s o f t h e materials, and Table 1 gives t h e composition percentages in volume percent. The a v e r a g e TRU waste drum t h a t c o n t a i n e d a b o u t 48 wt% c o m b u s t i b l e s from the 308 B u i l d i n g survey i s r o u g h l y e q u i v a l e n t t o a b o u t 67 v o l % c o m b u s t i b l e s .
The major f i r e f u e l c o n t r i b u t o r found i n t h e 308 B u i l d i n g survey results P a c i f i c Northwest L a b o r a t o r y h a s determined o r Using these f i g u r e s we can t h e n c a l c u l a t e a r e a l i s t i c was the p l a s t i c component. l i s t e d common w a s t e m a t e r i a l s and t h e i r r e s u l t a n t fuel combustion c o n t r ib u t i o n . These common waste m a t e r i a l s and t h e i r c a l o r i c c o n t e n t a r e provided below ( S c h n e i d e r 1974). e a r l y waste was s e g r e g a t e d and placed i n drums a,ccording t o the m a t e r i a l i t c o n t a i n e d . l i s t e d i n T a b l e 4.
Some o f the
The weight and percent composition o f the w a s t e a s a whole i s The i n f o r m a t i o n i n Table 5 was c o l l e c t e d from 298 drums and the w e i g h t s were e s t i m a t e d by assuming an average of 36 kg (80 l b ) o f w a s t e m a t e r i a l (Bradley 1978 ). To e s t i m a t e an average fuel l o a d i n g per drum, i t i s assumed h a l f the p l a s t i c was PVC and the o t h e r h a l f p o l y e t h y l e n e . g i v e n i n T a b l e 5.
The results a r e There was a l s o waste c h a r a c t e r i z a t i o n d a t a a v a i l a b l e f o r about 1,182 drums o f f u e l production l i n e waste which i n c l u d e d 15 v o l % c r a t e w a s t e and 21.3 vol% absorbed l i q u i d w a s t e s . 
The c r a t e d w a s t e i s m o s t l y
The absorbed o i l would be e s t i m a t e f o r the average fuel l o a d i n g of t h e l i n e w a s t e i s summarized i n T a b l e 6 f o r n o n c r a t e d , nonabsorbed w a s t e (Bradley 1978) .
The f i r e fuel loading averaged f o r t h e n o n c r a t e d , nonabsorbed l i n e w a s t e drums amounts t o 757,000 BTU/drum using a n e t w e i g h t o f 36 kg (80 l b ) . f i r e fuel l o a d i n g f o r a l l of the l i n e w a s t e i s a maximum o f 695,000 BTU/drum. The TRU w a s t e drums r e c e i v e d a f t e r 1977 were found t o a v e r a g e 79 kg (174 l b ) , b u t were a l s o known t o have l e a d s h i e l d i n g , i n c l u d e noncombustible w a s t e . S t a r t i n g i n 1982, g a l v a n i z e d drums were used which weigh about 29 kg (65 l b ) . An e s t i m a t i o n of the f i r e fuel l o a d i n g o f t h e s e drums is p r o v i d e d i n S e c t i o n 6.1.
The

COMBUSTIBLE CHARACTERISTICS OF THE HANFORD SITE TRANSURANIC WASTE
BURN CHARACTERISTICS .
The burn c h a r a c t e r i s t i c s o f drummed s o l i d w a s t e i s a c o n c e r n f o r the s a f e t y o f s t o r e d waste drums. Laboratory (Alexander 1980 ) worked on the development and d e m o n s t r a t i o n o f the I n t h e l a t e 1 9 7 0 ' s and e a r l y 1 9 8 0 '~~ the Mound Cyclone Drum I n c i n e r a t o r . The Cyclone Drum I n c i n e r a t o r was d e v e l o p e d f o r the combustion o f s o l i d waste c o n t a i n i n g plutonium. d e s i g n e d t o burn t h e waste in-situ t o minimize w a s t e h a n d l i n g . The w a s t e was i n c i n e r a t e d i n a e n c l o s u r e , u s i n g a c y c l o n e a i r f e e d t o produce more e f f i c i e n t combustion w i t h h i g h t e m p e r a t u r e , high a i r t u r b u l e n c e , and h i g h excess oxygen.
The drum i n c i n e r a t o r was Cyclone I n c i n e r a t o r tests were demonstrated w i t h a 208-L (55-gal) drum ( K l i n g e r 1 9 7 9 ) . p a r t s , a 208-L (55-gal) drum and a burn chamber w i t h an o f f g a s system ( K l i n g l e r 1979). a peak t e m p e r a t u r e o f 1,320 "C h a Klinger 1978 , 1979 and Luthy 1978 .
The Cyclone Drum I n c i n e r a t o r was composed o f two p r i m a r y Temperatures produced by t h e drum burns a v e r a g e 1 , 0 9 0 O C and In these b u r n s t h e l e i s a 300% oxygen excess and a Combustion a i r f l o w r a t e i s a b o u t S e v e r a l b u r n s were However, the p r e s e n c e o f the a b s o r b e n t does t e n d t o s t a b i l i z e o r minimize the f l a m m a b i l i t y o f o r g a n i c s t e m p e r a t u r e s and t e n d s t o r e d u c e the burn r a t e .
Gypsum and p o r t l a n d cement t y p i c a l l y bond much b e t t e r t o l i q u i d s , i n c l u d i n g o r g a n i c s , than a b s o r b e n t s . An o r g a n i c e x t r a c t i o n l i q u i d o f 30% tri b u t y l p h o s p h a t e (TBP) i n normal p a r a f f i n hydrocarbons (NPH), ( k e r o s e n el i k e ) was s o l i d i f i e d i n cement a t 35 vol% (Greenhalgh 1 9 8 6 ) .
p'roduct was s e l f e x t i n g u i s h i n g a t room t e m p e r a t u r e , which means i t would burn o n l y when exposed t o an open f l a m e , e x t i n g u i s h i n g a s the f l a m e was removed ( s e e Photos 1 and 2 ) . I t i s e x p e c t e d t h a t burn r a t e s would be s u b s t a n t i a l l y reduced i n a f i r e i f o r g a n i c w a s t e exposed t o the f i r e was s o l i d i f i e d by p o r t l a n d cement, p l a s t e r o f p a r i s , o r s i m i l a r m a t e r i a l . such a drum i n an o i l -g a s o l i n e f i r e (Greenhalgh 1988) .
17-C drum was f i l l e d with 86 kg (189 l b ) of s i m u l a t e d s h r e d d e d w a s t e mixed w i t h 109 kg (241 l b ) of p o r t l a n d cement-water s l u r r y t h e n allowed t o s e t and cure. The p r o d u c t termed s h r e d -g r o u t was a c t u a l l y a shredded-waste c o n c r e t e w i t h the s h r e d d e d combustible w a s t e a s the a g g r e g a t e . The drum was f i t t e d w i t h a v e n t c l i p and t h e l i d was s e a l e d w i t h a s t a n d a r d drum r u b b e r g a s k e t .
This drum o f w a s t e c o n c r e t e was t h e n t r a n s p o r t e d t o the 400 Fire T e s t i n g Area and t h e drum was placed i n a l a r g e burn pan c o n t a i n i n g 50 g a l o f d i e s e l o i l and 50 g a l o f g a s o l i n e . The o i l -g a s o l i n e mixture was i g n i t e d and burned f o r 4 0 m i n u t e s w i t h flames a v e r a g i n g 15 t o 25 f t h i g h (see Photos 3 and 4 ) the f i r e d i e d and was then e x t i n g u i s h e d .
The r e s u l t a n t
The e f f e c t o f cementing c o m b u s t i b l e w a s t e h a s been i l T u s t r a t e d by p l a c i n g
A g a l v a n i z e d steel DOT .
. .
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Photo 3 Photo 4
A t no time did the drum b u r n . c l i p and the vented gases burned f o r a few minutes i n i t i a l l y , then the flame went o u t . The waste drum package l o s t 5 kg (11 l b ) during the t e s t burn and inspection of the waste concrete showed the inner surface t o be charred and surface plexiglass t o be melted, b u t the o t h e r contents showed l i t t l e o r no damage except f o r galvanizing. The s t e e l container was i n t a c t and showed l i t t l e o r n o damage. The waste contents were about 69.7 wt% combustible and included o i l .
had a red glow ( -750 t o 8 0 O O C ) f o r a t l e a s t 5 minutes. The c h a r a c t e r i s t i c s o f the waste concrete, including an estimation o f the fuel loading, i s g i v e n in Table 7 .
There were gases observed coming from the vent
Temperatures of the burn were n o t measured b u t the drum surface 
TRANSURANIC WASTE PROCESSING FACILITY
The safe operation o f WRAP 1 i s based on keeping waste covered and contained in 208-L (55-gal) s t e e l drums. Waste drums t o be processed in WRAP 1 a r e expected t o be 61.5% newly generated waste and the balance retrieved waste. All waste drums a r e then kept sealed and covered u n t i l placed inside a glovebox f o r processing. I t i s considered extremely unlikely t h a t any o f the contained waste will be involved in a f i r e without accidental breakage o f the drum containment.
The retrieved drums are required t o be vented.
ESTIMATED FIRE FUEL LOADING FOR WASTE RECEIVING AND PROCESSING FACILITY
WRAP 1 i s designed t o process a b o u t 6,825 drums a year. maximum waste drum inventories a r e 357 drums in the Shipping/Receiving area, 23 drums in t h e NDA/NDE assay a r e a , and 40 drums in Special Processing, t o t a l i n g 420 waste drums. Table 8 of the document approximates the average composition o f t h e drummed s o l i d waste. The density values l i s t e d below and averaged from Table 8 were used t o convert volume percent t o weight percent: paper 0.64 g/cc, cloth 0.74, rubber (neoprene) 1.37, polyethylene p l a s t i c 0.97, PVC p l a s t i c 1.34, tape 1.00, metal (general such as aluminum) 3.6, s t a i n l e s s s t e e l 7.0, d i r t 2.3, f i l t e r s 0.86, wood 0.5, concrete 2 . 2 , cement 1.7, g l a s s 1.9, and absorbent 1.0 g / c c . .
Anticipated
The approximate size of WRAP 1 i s presently s e t a t about 51,300 f t 2 and c a l l s for a pre-engineered metal building with concrete flooring (DOE-RL 
o a d i n g c o n t r i b u t o r s i n c l u d e p a i n t and o t h e r p r o t e c t i v e
ng.
electrical w i r i n g , machinery and equipment i n c l u d i n g l u b r i c a n t s and o i l s , and i n s u l a t i o n . The l a r g e s t fuel c o n t r i b u t o r i s the waste Assuming 420 w a s t e drums (420) a r e handled i n t h e f a c i l i t y , t h e n a v a i l a b l f a r e c a l c u l a t e d by m u l t i p l y i n g 420 w i t h 484,000, g i v i n g a T h t a v e r a g e f i r e fuel l o a d i n g 2 c o n t r i b u t e d by t h e t o t a l of 2.03 x 10 BTUs. w a s t e would t h e n b e 2.03 x 10 BTYs d i v i d e d by 51,300 f t . T h i s g i v e s a t o t a l f i r e fuel l o a d i n g o f 3,963 BTU/ft . The f a c i l i t y will s t o r e and h a n d l e o t h e r t y p e s of w a s t e c o n t a i n e r s ( p r i m a r i l y drum o v e r p a c k s and m e t a l b o x e s ) , b u t the drummed w a s t e i s the l a r g e volume item. The maximum fuel l o a d i n g c o n t r i b u t i o n from a l l of the2waste would n o t be any l a r g e r t h a n d o u b l e t h e w a s t e drum v a l u e o r 7,925 BTU/ft . This i s c o n s i d e r e d a v e r y low fuel l o a d i n g , and even i f t h e maximum w a s t e fuel l o a d i n g was doubled t o a c c o u n t f o r p a i n t and o t h e r b u i l d i n g item;, t h e b*ilding would s t i l l be c a t e g o r i z e d a s low f i r e fuel l o a d i n g ((1.0 x 10 BTU/ft ) ( L e e s 1980). 
PRELIMINARY FIRE TEST
A f i r e t e s t was conducted on Tuesday, December 28, 1993 t o a s s e s s t h e performance o f s t e e l drums i n c o n t a i n i n g o r p r o t e c t i n g s o l i d waste. two drums were 95 p e r c e n t i l e ( h e a v i l y l o a d e d c o m b u s t i b l e ) drums c o n t a i n i n g 1.962 t i m e s more combustibles t h a n the a v e r a g e o r a minimum o f 40.9 kg (90.1 l b ) . Assuming a normal d i s t r i b u t i o n o f l o a d e d w a s t e drums, these 9 5 p e r c e n t i l e drums would c o n t a i n a s much c o m b u s t i b l e s o r more t h a n any random 9 5 out of 100 w a s t e drums. These drums were p l a c e d i n a shows t h e t e s t r a c k w i t h drums a f t e r the burn. a l l bulged from the h e a t o f t h e burn. One l i d bulged more t h a n the rest and s e p a r a t e d from t h e clamp r i n g e x h i b i t i n g a b o u t a 4 t o 5 i n . opening. However, none o f the s o l i d c o n t e n t s appeared t o be l o s t d u r i n g the b u r n . The heat caused w a s t e v a p o r t o be vented t o the o u t s i d e o f the drum and burned. This f i r e t o r c h e f f e c t can be seen on video t a p e s o f the event. D e s p i t e the v a p o r l o s s , r e c o v e r i e s on combustibles were 77 w t % o r b e t t e r and z i r c o n i u m o x i d e , p l a c e d randomly i n each drum, was recovered t o b e t t e r t h a n 94 wt%.
The drums were v e n t e d , and
The steel drum c o n t a i n e r s used were g a l v a n i z e d . The f i r e burned o f f most o f the o u t s i d e g a l v a n i z i n g m a t e r i a l , b u t the steel drum w a l l thickness appeared t o remain unchanged (no n o t i c e a b l e l o s s e s ) . Temperatures i n c u r r e d i n t h e f i r e t e s t i n c l u d e u p t o 1,750"F i n s i d e the drums and up t o 1,837'F on the m i d d l e r a c k and i n d i c a t o r s o f a t l e a s t 2,0OO0F on the t o p o f t h e steel r a c k .
Photo 5
Photo 6 t .. 
SUMMARY AND CONCLUSIONS
The following conclusions were reached from the information contained in ' t h i s report:
The average TRU combustible waste drum defined by document WHC-EP-0225 has more weight and includes more waste t h a n the average waste drum from actual waste surveys (Anderson e t a l . 1991).
The f i r e fuel loading of the average TRU waste drum in storage i s just under 500,000 BTU/drum. Storage and handling o f 420 drums in WRAP 1 presents only a low f i r e fuel loading unless other combustible furnishings, equipment, lubricants, paints, e t c . are added t o WRAP 1 operations. NRAP 1, based on 420 waste drums, i s expected t o remain in t h e low f i r e loading r a t i n g for commercial buildings. I t i s recommended t h a t t h i s conclusion be confirmed by a professional f i r e engineer.
The Mound incineration work, and the 1703-D f i r e t e s t supports the use of a steel drum a s a container t h a t can h o l d waste and contain i t in a low or medium fuel load f i r e s i t u a t i o n .
The s t e e l drum containers in the f i r e t e s t remained i n t a c t and did nof s p i l l nor leak any solid materials.
The f i r e t e s t showed t h a t except f o r f i r e torches, there was no indication of f i r e propagation with the drummed combustible waste.
. The common waste material presenting the g r e a t e s t f i r e fuel loading value per pound i s polyethylene p l a s t i c a t just under 20,000 BTU's/lb.
